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CORONA WIRE REPLENISHING
MECHANISM

CROSS REFERENCE TO RELATED
APPLICATTIONS

Reference 1s made to commonly assigned, copending U.S.
patent application Ser. No. 09/280,119, entitled AMETHOD
OF MOUNTING CORONA WIRE INTO A CHARGER
HOUSING OF AN ELECTROPHOTOGRAPHIC APPA-
RATUS AND AN APPARATUS FOR MOUNTING
CORONA WIRES, by Andreas Dickhoff; U.S. patent appli-
cation Ser. No. 09/280,430, entitled A CORONA
CHARGER WITH A SERPENTINE STRUNG CORONA
WIRE, by Andreas Dickhoif; and U.S. patent application
Ser. No. 09/280,121, entitled AN APPARATUS AND
METHOD OF ATTACHING CORONA WIRE TO
CORONA CHARGER HOUSING, by Andreas Dickholitf, all
filed concurrently herewith.

FIELD OF THE INVENTION

The invention 1s 1n the field of electrophotography. More
specifically, 1t 1s directed to a corona charger having a wire
replenisher.

BACKGROUND OF THE INVENTION

A corona charger 1s used to generate an electrostatic
charge on a surface, for example, a sheet of paper, a
photoconductor or a transport web. A corona charger typi-
cally includes one or more tightly strung corona wires. The
two ends of each wire are firmly attached to the charger
housing, for example, by copper lugs, or by manually
twisted loops which are connected to the charger housing.
Applying high voltage to these corona wires creates the
requisite charge.

The corona wires are usually mounted one by one. Mount-
ing and adjusting the tension of each wire independently of
other wires 1s time consuming and relatively expensive. In
the mounting process the wire 1s touched multiple times by
tools or by the operator’s hand. The mounting process
includes unpacking the wire, mounting one and of each wire
into the corona charger, attaching a tensioning spring to the
other end of each wire, and mounting this other end of each
wire and the tensioning spring into the corona charger
housing.

U.S. Pat. No. 5,353,165 discloses an automatic wiring,
machine of a corona charge device. This machine 1s very
complex and very bulky.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an
improved corona wire replenishing device. It 1s another
object of the present invention to provide an electrophoto-
ographic apparatus with a corona charger that includes an
automatic corona wire replenishing device.

According to the present invention, a corona charger
comprises a housing, a corona wire, and a wire replenisher
located in the housing. The wire replenisher includes (1) a
reversible motor; (ii) a rotatable shaft driven by the motor;
(i11) a supply spool supporting a length of the corona wire;
(1iv) a tension mechanism tensioning corona wire supplied by
the supply spool; and (v) a take-up spool located on the

shaft.

According to a preferred embodiment of the present
invention a method of replenishing a corona wire 1n a corona
charger, containing a wire replenisher with a supply spool
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2

and a take-up spool, includes the steps of: (1) rotating the
supply spool 1n a first direction to transport a corona wire
along a predetermined path and across a tensioning mecha-
nism; and (i1) rotating the take-up spool to receive used
corona wire.

BRIEF DESCRIPTION OF THE DRAWINGS In
the drawings:

FIG. 1 1s a perspective view of a cut-out front portion of
a corona charger housing supporting a wire replenisher;

FIG. 2 1s a perspective view of the wire replenisher of
FIG. 1 without the housing;

FIG. 3 1s another perspective view of the wire replenisher
of FIG. 1 without the housing;

FIG. 4 1s a perspective view of a cut-out rear portion of
the corona charger housing with a set of rollers covered by
roller covers;

FIG. 5 1s a perspective view of a cut-out rear portion of
the corona charger housing with lower roller covers;

FIG. 6 1s a perspective view of a cut-out rear portion of
the corona charger housing, but without roller covers;

FIG. 7 1s a top view of a corona charger including the wire
replenisher, the corona wire and three rollers;

FIG. 8 1s a top view of another corona charger.

DETAILED DESCRIPTION OF THE
INVENTION

With reference to FIGS. 1, 7 and 8, a corona charger 5§
includes a corona charger housing 7 that supports a wire
replenisher 10. The wire replenisher 10 replaces a set of
corona wires 20 of the corona charger 5 by an automated
process. The wire replenisher 10 replaces includes a revers-
ible motor 30 that drives two spools 32, 34. In order to
replace the wire 20 with the new wire the motor 30 1is
activated by a logic and control unit (LCU). (FIGS. 1, 2.)
The spool 34 1s usually covered by a cover plate 34a and 1s
connected with a free wheel 36. This free wheel 36 1ncludes
two parts, an inner part mounted on the shaft 40 and the
outer part mounted around the inner part. (See FIGS. 2, 3.)
The spool 34 1s mounted on the outer part of the free wheel
36. The free wheel 36 allows the spool 34 to rotate freely, in
one direction, relative to the shaft 40, but prevents it from
rotating in the opposite direction. This spool 34 1s a supply
spool and carries the new wire. The other spool, spool 32 1s
a take-up spool and it carries the used wire.

The take-up spool 32 is smaller in diameter than the
supply spool 34. The new wire 1s 1nstalled during initial
production 1nto the wire replenisher 10. During the wire
replacement operation of the charger, the empty supply
spool 34 1s replaced with a new, full supply spool 34 of
corona wire 20 and the old wire 1s taken out with the take-up
32. An empty take-up spool 32 1s then 1nserted into the place
of the old spool 32. The main advantages of the present
invention 1s that the wire 20 can be replaced 10 to 20 times
(depending on the number and length of the corona wire
strings and the volume of the supply spool) in the replen-
1shing process before the corona charger 5 needs to be
remanufactured.

FIG. 1 1llustrates how the various components of the wire
replenisher 10 {it 1n the front section of the corona charger
housing 7. FIGS. 2 and 3 show the same components of the
wire replenisher 10, but without the corona charger housing
7. As shown 1n these figures, the gear motor 30 1s connected
to a shaft 40. The shaft 40 1s connected to the take-up spool
32 and the free wheel 36. As stated above, the supply spool
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34, which holds the new wire, 1s mounted on the outer
diameter of the free wheel 36. The supply spool 34 1s plastic
and provides insulation from a high voltage of corona
charger wire 20. A tensioning bracket 41a 1s located between
the two spools 32, 34. This tensioning bracket 4la 1is
mounted 1nto the corona charger housing 7 with the tension
spring 43. A tension roller 45 1s located on the tensioning
bracket 41a. The tension roller 45 1s mounted to be freely
rotatable around the tension pin 47.

FIGS. 4, 5, and 6 show the rear section of the corona
charger housing 7. In this embodiment, the rear section of
the corona charger housing 7 supports a tension bracket 415,
with a plurality of contact rollers 47a, 476 mounted on the
bracket 415 and a tensioning bridge 49a. The contact rollers
47a, 47b, 1n combination with the tension roller 45 guide the
corona wire 20 along a serpentine path, thereby providing a
plurality (four) parallel strings 1, 2, 3, 4 of the corona wire
20. The contact rollers 47a, 47b are 1n contact with a high
voltage source (not shown). The rollers 47a, 47b are covered
with 1nsulating roller covers 48a, 48b 1n order to protect the
rest of the corona charger housing 7 and other components
from the high voltage. FIG. 4 1llustrates the rear section of
the corona charger housing 7 with roller covers 48a, 48b 1n
place. FIG. § illustrates the rear section of the corona charger
housing 7 with only the lower covers in place. FIG. 6
illustrates the rear section of the corona charger housing 7
without any roller covers. FIG. 7 1s a schematic top view of
the corona charger 5 with the four string corona wire. It 1s
noted that the corona wire 20 may also be strung to provide
cither more, or fewer strings of corona charger wire 20. This
1s done by ether adding or removing rollers. For example,
FIG. 8 1illustrates a two string configuration.

More speciifically, 1n the above embodiment with a four
wire string configuration (FIG. 7) the wire 20 is tensioned
over the entire serpentine path that follows from (i) the
supply spool 34 over the bridges 495 and 494 to the contact
roller 47b at rear end of the housing shell 7; (ii) from the
contact roller 47b, over the two bridges 49a and 49b, back
to the tension roller 45, (111) from the tension roller 45, over
the two bridges 4956 and 494, to the second contact roller
47a, and (1v) from there back over the two bridges 49a and
49b, to the take-up spool 32. The wire 20 1s tensioned by the
tension spring 43 via the tensioning bracket 41a and the
tension roller 45. The tension 1s evenly distributed to all four
strings 1, 2, 3, 4 of the wire 20 by the contact rollers 474,
47b. The gear motor 30 supplies sufficient force necessary to

hold the tensioned wire 20 1n proper place on the spools 32
and 34.

The method of replenishing the wire 1s as follows:

First, the Logic and Control Unit (LCU) determines that
wire 20 needs to be replaced by a new corona wire and sends
a signal to activate the gear motor 30. The activated motor
30 drives the shaft 40 to rotate the take-up spool 1n the
take-up spool’s wind-up direction indicated by the arrow 585.
(See FIG. 2.) During this time, both rollers 47a, 47b rotate
with the same angular speed. Because the supply spool 34 1s
larger in diameter than the take-up spool 32 (see FIG. 2), the
wire length between the spools 32, 34 increases until the
tension roller 45 reaches its relaxed position driven by the
tension spring 43. From now on, the supply spool 34 rotates
slower than take-up spool 32. The wire transport speed over
the whole length of the serpentine wire 20 1s constant. The
wire transport speed 1s determined by the speed of rotation
of the take-up spool 32. The rotation of the supply spool 34
1s not driven by the shaft 40, because of the free wheel 36.
Instead, its rotation is driven by the pull force (created by the
rotation of the take up spool) of the wire 20. The wire 20 is
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transported as far as needed (for example, one, two, three or
four times the length of a wire string).

Then, the gear motor 30 reverses rotation direction. This
direction 1s indicated by an arrow 56. Now both rollers rotate
with the same angular speed because this 1s the direction
where the free wheel 36 makes a stiff connection between
the shaft 40 and the supply spool 34. When the gear motor
30 reverses its direction of rotation, the supply spool 34
takes more wire than the take-up spool 32. As the length of
the wire between the spools 32 and 34 gets smaller the
tension roller 45 1s moved 1nto the tension position. The gear
motor 30 stops when the nominal tension 1s reached. When
the tensioning bracket 41a reaches the position where 1t
provides the nominal amount of tension, it activates a
tension reader, a switch, for example, (not shown). This
switch sends a signal to an LCU. The LCU, 1n turn, sends a
signal to the gear motor to stop rotating. Alternatively, a built
in timer can turn the gear motor 30 on and off at predeter-
mined time 1ntervals.

It 1s an advantage of the present invention that the manual
corona wire replacement 1s eliminated and the corona wire
replacement 1s done by an automatic wire replenisher
mechanism. This results 1n the extended lifetime of the
corona charger by a factor of 10-20, and 1n turn reduces the
service costs significantly. Furthermore, because the han-
dling of the corona wire 1tself 1s reduced to a minimum, the
corona wire diameter can be reduced without impacting the
handling.

The invention has been described 1n detail with particular
reference to certain preferred embodiments thereof, but 1t
will be understood that variations and modifications can be
cifected within the spirit and scope of the imnvention.

PARTS LIST

S corona charger

7 corona charger housing
10 wire replenisher

20 corona wire

30 reversible motor
32 take-up spool

34 supply spool

36 free wheel

40 shaft of motor

41a tensioning bracket
41b bracket

43 tension spring

45 tension roller

4’7 tension pin
47a, 47b rollers

49a, 496 bridges
55 spool direction
56 tensioning direction
What 1s claimed 1s:
1. A corona charger comprising:

a housing;
a corona wire;

a wire replenisher located 1n said housing, said wire
replenisher 1including;:

(1) a reversible motor;

(i1) a rotatable shaft driven by said motor in one
direction of rotation and in a second direction oppo-
site the one direction;

(i11) a supply spool supporting a length of said corona
wire;

(iv) a tension mechanism tensioning corona wire sup-
plied by said supply spool; and
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(v) a take-up spool located on said shaft for rotation
with the shaft; and

(vi) a free wheel mounted on said shaft for rotation with
said shaft and the free wheel being coupled with the
supply spool for driving the supply spool in said one
direction of rotation of the shaft and allowing the
spool to rotate under tension of the corona wire to
cause corona wire to be supplied by said supply
spool when the shaft 1s driven 1n said second direc-
tion.

2. A corona charger according to claim 1, wherein said
tension mechanism includes a tension roller and a tension
Spring.

3. A corona charger according to claim 1, wherein said
tension mechanism includes a tension spring.

4. A corona charger according to claim 1, further com-
prising a plurality of rollers, one of said rollers being located
to receive said corona wire from said supply spool and to
provide said corona wire to said tension mechanism; and

another one of said plurality of rollers being positioned to
receive sald corona wire from said tension mechanism
and to provide said take-up spool with said corona wire.

5. A corona charger according to claim 4, wherein said
tension mechanism includes a tension spring.

6. A corona charger according to claim 2, further com-
prising a plurality of rollers, one of said rollers being located
to receive said corona wire from said supply spool and to
provide said corona wire to said tension mechanism; and

another one of said plurality of rollers being positioned to

rece1ve sald corona wire from said tension mechanism

and to provide said take-up spool with said corona wire.

7. A corona charger according to claim 1, wherein said
supply spool has a larger radius than said take-up spool.

8. A corona charger according to claim 4, wherein said
supply spool has a larger radius than said take-up spool.

9. A method of replenishing a corona wire 1n a corona

charger containing a wire replenisher with a supply spool

and a take-up spool both mounted for rotation about a

common axis of rotation, said method including the steps of:

(1) rotating said supply spool about the common axis in a
first rotational direction to transport a corona wire
along a predetermined path and across a tension mecha-
nism; and
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(1) rotating said take-up spool about the common axis to

receive used corona wire.

10. A method of replenishing a corona wire 1n a corona
charger contamning a corona wire, a wire replenisher that
includes a motor operatively connected to a rotatable shaft
supporting a take-up spool and a free wheel that supports a
supply spool, and a tension mechanism having a tensioned
position and a relaxed position, the corona wire being wound
in a path between the supply spool, the tension mechanism
and the take-up spool to provide a length of wire between the
supply spool and the take up spool; said method mncluding
the steps of:

(1) operating said motor to rotate said shaft in a first
direction to wind said corona wire onto the take-up
spool;

(i1) transporting the corona wire between said supply
spool, the tension mechanism and said take-up spool;

(i11) increasing the length of wire between the supply
spool and the take-up spool;

(iv) placing said tension mechanism in a relaxed position;

(v) operating the motor to rotate said shaft in a direction
opposite to said first direction;

(vi) decreasing the length of wire between the supply
spool and the take-up spool;

(vil) placing said tension mechanism in a tensioned posi-

tion; and

(viil) stopping operation of said motor.

11. The method of claim 9 and wherein the tension
mechanism includes a tension roller whose axis extends 1n
a direction perpendicular to the common axis of rotation of
the supply spool and take-up spool, and the tension roller
moves 1n response to tension on the corona wire 1n a
direction perpendicular to the directions of the axis of the
tension roller and the common axis.

12. The method of claim 10 wherein 1n step (i1) the corona
wire 1s transported additionally about a plurality of rollers
wherein the rollers are spaced from the tension mechanism
to establish corona wire lengths that are operative for corona
charging.
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